A Gram-stain-positive, lactic acid bacterium, strain Ru20-1 T , was isolated from a flower (WestIndian jasmine) collected from Kalasin province, Thailand. A polyphasic approach was used to determine the taxonomic position of this strain. Studies of morphological and biochemical characteristics revealed that strain Ru20-1 T belonged to the genus Lactobacillus. 
A Gram-stain-positive, lactic acid bacterium, strain Ru20-1 T , was isolated from a flower (WestIndian jasmine) collected from Kalasin province, Thailand. A polyphasic approach was used to determine the taxonomic position of this strain. Studies of morphological and biochemical characteristics revealed that strain Ru20-1 T belonged to the genus Lactobacillus. The strain was heterofermentative, non-spore-forming and rod-shaped. It produced DL-lactic acid. Based on 16S rRNA gene sequence similarity, this strain was closely related to Lactobacillus lindneri LMG 14528 T (96. The major cellular fatty acids were C 18 : 1 !9c, C 20 : 0 , C 20 : 1 !9c and summed feature 7 (unknown 18.846 and/or C 19 : 1 !6c and/or C 19 : 0 cyclo). On the basis of the data provided, strain Ru20-1 T represents a novel species of the genus Lactobacillus, for which the name Lactobacillus ixorae sp. nov. is proposed. The type strain is Ru20-1 T (=LMG 29008   T   =NBRC 111239   T   =PCU  346  T =TISTR 2381  T ) .
Strains representing the genus Lactobacillus have been found in various plant materials and are especially important in several fermented vegetable and fruit products such as silage, sauerkraut, kimchi, olives, pickles, beer and wine, etc. (Hammes & Hertel, 2009 ). In addition, on vegetable plants, lactobacilli were found much less frequently and in lower numbers than streptococci or Leuconostoc mesenteroides (Mundt & Hammer, 1968) . Recently, novel species of lactic acid bacteria isolated from flowers have been reported. Three novel strains of Lactobacillus florum were isolated from flowers of peony (Paeonia suffruticosa) and bietou (Chrysanthemoides monilifera) in South Africa (Endo et al., 2010) . Moreover, the novel species Lactobacillus floricola and Lactobacillus ozensis were found in flowers collected from mountainous areas of national parks in Japan (Kawasaki et al., 2011a, b) . During our investigation of lactic acid bacteria distributed in flowers, strain Ru20-1 T was isolated from West-Indian jasmine, collected from Kalasin province, Thailand. Here, this research reports on the taxonomic study of strain Ru20-1 T based on a polyphasic approach.
Strain Ru20-1 T was isolated from West Indian jasmine (Ixora coccinea L.) collected from Kalasin province, in the The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene and pheS gene sequences of strain Ru20-1 T are LC094494 and LC178902, respectively. north-eastern part of Thailand. The sample was enriched in MRS broth (De Man et al., 1960) and incubated at 30 C for 48 h under aerobic conditions. After incubation, one loopful of culture broth was streaked on MRS agar supplemented with 0.3 % CaCO 3 and incubated under the same conditions. The colonies surrounded by a clear zone were selected and purified. Cell shape, cell size, cell arrangement and colonial appearance were examined in the cells grown on MRS agar plates at 30 C for 48 h (Tanasupawat et al., 2002) . Gram staining was performed as described by Hucker & Conn (1923) . Catalase, nitrate reduction, gas production, hydrolysis of aesculin, arginine and starch, and slime formation were determined as described previously (Tanasupawat et al., 2002) . Diacetyl production was detected as described by Phalip et al. (1994) . Growth of strain Ru20-1 T at different pH (3.0-9.0, using relevant buffers), temperatures (20, 25, 30, 37, 40, 42, 45 and 50 C) and NaCl concentrations (1, 2, 3, 5, 7 and 9 %, w/v) was evaluated by using MRS broth. API 50 CH (bioM erieux) was used to evaluate acid production from carbohydrates according to the manufacturer's instructions. The lactic acid isomer was analysed by the enzymatic method (Okada et al., 1978) . The cell wall composition was determined using the TLC technique as described by Miyagawa et al. (1981) . For cellular fatty acid analysis, strain Ru20-1 T and three reference type strains were cultivated in MRS broth at 30 C for 4 days. Fatty acid composition was analysed according to the instructions of the Microbial Identification System (MIDI) (Sasser, 1990; K€ ampfer & Kroppenstedt, 1996) .
DNA was isolated from cells grown in MRS broth supplemented with 0.3 % glycine after incubating at 30 C for 24 h (Yamada & Komagata, 1970) and was purified by the method of Tamaoka (1994) . DNA base composition was determined by using reversed-phase HPLC (Tamaoka & Komagata, 1984) . The PCR technique was performed to amplify 16S rRNA gene sequences of bacteria, and the PCR products obtained were sequenced (Macrogen, Seoul, Korea) by using the following universal primers: 27F (5¢-AGAGTTTGATCMTGGCTCAG-3¢), 337F (5¢-GACTCCTACGGGAGGCWGCAG-3¢), 518F (5¢-CCAGCAGCCGCGGTAATACG-3¢), 785F (5¢-GGATTA-GATACCCTGGTA-3¢), 800R (5¢-TACCAGGGTATCTAA TCC-3¢), 907R (5¢-CCGTCAATTCMTTTRAGTTT-3¢), 1100R (5¢-GGGTTGCGCTCGTTG-3¢) and 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢) (Lane, 1991) . The pheS gene was amplified by using pheS primers: pheS-21-F and pheS-23-R as described by Naser et al. (2005) . The 16S rRNA and pheS gene sequences were aligned with selected sequences obtained from the EzTaxon-e database (Kim et al., 2012) and NCBI BLAST program (http://blast. ncbi.nlm.nih.gov/Blast.cgi) by using the CLUSTAL X program (Thompson et al., 1997) . Gaps and ambiguous bases were removed before reconstructing the phylogenetic tree by the neighbour-joining (Saitou & Nei, 1987) , T . All data were determined in this study. +, Positive; W, weakly positive; -, negative reaction. Optimum pH for growth 6.5 4.5-5.5 5.5-6.5 6.5
NaCl concentration range for growth (%)
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Diacetyl production + À À À Acid production from:
47.8 37.3 37.4 43.9 maximum-likelihood (Kimura, 1980) and maximum-parsimony (Nei & Kumar, 2000) methods in the MEGA 6.0 software (Tamura et al., 2013) . The confidences value of nodes were evaluated by using the bootstrap resampling method with 1000 replications (Felsenstein, 1985) .
Cells of strain Ru20-1 T were a Gram-stain-positive, nonspore-forming, non-motile and facultatively anaerobic rods (0.35-0.47Â0.64-2.55 µm) as shown in Fig. S1 (available in the online Supplementary Material). Colonies were circular, smooth, low-convex and white with entire margins. Catalase was negative. Strain Ru20-1 T produced gas from glucose and fermented glucose heterofermentatively producing both D-and L-isomers of lactic acid. This strain could produce diacetyl. The isolate grew well at 15-40 C with optimum temperature at 30-37 C and could grow in the range of pH 4.5-7.0 with optimum growth at pH 6.5. In addition, growth was observed when strain Ru20-1 T was cultivated in medium with 1-7 % (w/v) NaCl. However, the strain could not grow at temperature above 40 C, pH 3.0-4.0 or 7.5-9.0 or with 9 % (w/v) NaCl. The details of physiological and biochemical characteristics of strain Ru20-1 T compared with those of closely related species are given in the species description and in Table 1 . The cell-wall peptidoglycan type was L-Lys-D-Asp. Based on its morphological, chemotaxonomic and phylogenetic characteristics, the isolate was determined to belong to the genus Lactobacillus (Hammes & Hertel, 2009 ). Strain Ru20-1 T contained
Lactobacillus kefiri LMG 9480 T (AJ621553) Lactobacillus parabuchneri LMG 11457 T (AJ970317)

Lactobacillus otakiensis JCM 15040 T (BASH01000017) Lactobacillus sunkii YIT 11161 T (AB366385)
Lactobacillus buchneri JCM 1115 T (AB205055)
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Lactobacillus curieae S1L19 T (JQ086550)
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Lactobacillus homohiochii LMG 9478 T (AJ621522) Lactobacillus ixorae Ru20-1 T (LC094494)
Lactobacillus florum NRIC 0771 T (AB498045)
Lactobacillus lindneri LMG 14528 T (X95421) Lactobacillus sanfranciscensis NRIC 1548 T (X76327)
Lactobacillus hammesii TMW 1.1236 T (AJ632219) Lactobacillus brevis ATCC 14869 T (KI271266)
Lactobacillus spicheri LTH 5753 T (AJ534844) Lactobacillus namurensis LMG 23584 (AM259119) Lactobacillus zymae LMG 22198 T (AJ632157)
Pediococcus acidilactici DSM 20284 T (GL397069)
Pediococcus parvulus JCM 5889 T (D88528)
Pediococcus ethanolidurans Z-9 T (AY956789) The DNA G+C content of strain Ru20-1 T was 47.8 mol%, which was in the range of 32-55 mol% of the members of the genus Lactobacillus (Hammes & Hertel, 2009 ) and was higher than those of the closely related type strains ( 2 %) , respectively. The phylogenetic analysis based on 16S rRNA gene sequences showed that strain Ru20-1 T and the closely related species formed a separate branch within the clade of the genus Lactobacillus (Fig. 1) . The phylogenetic trees reconstructed using maximum-likelihood (Fig.  S2) , maximum-parsimony (Fig. S3 ) and neighbour-joining (Fig. S4) methods clearly supported the separation of the species. Phylogenetic analysis of the pheS gene sequence of strain Ru20-1 T showed that this strain formed a separate T by its growth at 40 C, optimum growth at pH 6.5, growth with 7 % NaCl, the production of diacetyl; acid production from gluconate, maltose and Dmannitol, the presence of C 19 : 0 cyclo !8c fatty acid and its DNA G+C content, as shown in Table 1 . Based on the phenotypic, chemotaxonomic and genotypic data, strain Ru20-1 T represents a novel species of the genus Lactobacillus, for which the name Lactobacillus ixorae sp. nov. is proposed.
Pediococcus cellicola Z-8 T (AY956788) Lactobacillus oryzae SG293 T (AB731660)
Lactobacillus malefermentans KCTC 3548 T (BACN010000105)
Description of Lactobacillus ixorae sp. nov.
Lactobacillus ixorae (ix.o¢rae. N.L. gen. n. ixorae of Ixora coccinea L., the West-Indian jasmine, the flower from which the type strain was isolated).
Cells are Gram-stain positive, rod-shaped, measuring 0.35-0.47Â0.64-2.55 µm and occur singly or in pairs. Colonies are circular, smooth, low-convex, white with entire margins, unpigmented and approximately 0.12-0.14 mm in diameter after incubation at 30 C for 2 days on MRS agar plates. Heterofermentative, and produces gas from glucose. Produces both D-and L-lactic acid from glucose. Produces diacetyl. Catalase, nitrate reduction, hydrolysis of aesculin, arginine and starch and production of slime from sucrose are negative. Growth occurs at 15-40 C but not at temperatures above 40 C (optimally at 30-37 C), at pH 4.5-7.0 (optimally at pH 6.5) and with 1-7 % (w/v) NaCl. Acid is produced from D-glucose, Dfructose and mannitol but not from L-arabinose, D-arabi- The type strain is Ru20-1 T (=LMG 29008 T =NBRC 111239 T =PCU 346 T =TISTR 2381 T ) and was isolated from a flower (West-Indian jasmine) collected from Kalasin province, Thailand. The genomic DNA G+C content of the type strain is 47.8 mol%.
